We present the results of multifrequency VLA, MERLIN and VLBI radio observations of the radio source 1938 + 666, and show that its properties are consistent with gravitational lensing. By matching radio spectra and polarization properties, we identify which components are likely to be gravitational images of the same part of the source. Using a simple lens model, we show that the image configuration is consistent with lensing by a galaxy, represented by a potential with a small ellipticity.
INTRODUCTION
The primary purpose of the N AS [Jodrell Bank-Very Large Array (VIA) astronometric survey; see Patnaik et al. 1992] was to identify phase reference sources for the multielement radio-linked interferometer network (MERLIN), but it has also been very successful as a means of finding gravitational lens systems.
The JV AS observations were made with the VIA in Aarray at 8.4 GHz and the resulting maps have a resolution of 200 mas. Sources for the finding survey were selected from the National Radio Astronomy Observatory (NRAO) Green Bank catalogues (Condon & Broderick 1985 , 1986 , 1989 by virtue of flat spectral indices «()( :$;0.5) between 1.4 and 5.0 GHz and S5GlIz~200 mHy.l A flat spectral index selection criterion predominantly favours compact, coredominated objects (see for example Condon 1988 ). The survey is complete for the northern sky at galactic latitudes Ib I ~ 2S and contains approximately 2200 compact flat radio spectrum sources, all mapped at 200-mas resolution. Follow-up observations of gravitational lens candidates, i.e. those objects showing multiple compact components in the finding survey maps, were made with MERLIN (to obtain *Present address: Astrophysics, Department of Physics, Keble Road, Oxford OXl 3RH. lWe denote flux density as a frequency v by S, and use S,CX::v -" to define a spectral index 0(. high resolution) and the VLA (to obtain spectral information). Four confirmed and two very probable lens systems have been found in the survey and are listed in Table l. MG0414 + 057 was previously found in the MIT survey (Hewitt et al. 1992) , while all the others are new.
One of the sources that we have identified as a gravitationallens system is 1938 + 666. The finding survey map of the VIA 8.4 GHz (A-array) observations of 1938 + 666 was presented in Patnaik et al. (1992) . In Fig. l(a) we show a MERLIN 5-GHz map of the system; the dominant feature is an arc complex C and pairs of fairly compact components, A and B.
Recently Rhoads, Malhotra & Kundic (1996) reported infrared imaging observations in which they detected a very red object coincident with the radio position. Narasirnha & Patnaik (1993) give a lens model to account for the structure of 1938 + 666, suggesting that the unlensed source consists of two components. One component is 
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OBSERVATIONS AND RESULTS
Below we describe the MERLIN, VLA and VLBI observations of 1938 + 666 and the results. All the data were reduced, mapped and analysed using the NRAO AlPS software package.
MERLIN observations of 1938 + 666 at 5 GHz were made in 1992 June; this map is presented in Fig. l(a) . In (b) ... GHz; the map is shown in Fig. l(b) . On the 5-GHz map, there are two distinct compact components, Al and A2. To the north there is an elongated dominant component, C, a fairly compact component, B1, and an extended component, B3. There are clear peaks in the emission of C, so we refer to a northern sub-component, C1, and a southern subcomponent, C2. There is also an isolated compact component, B2. The most striking feature of the 1.612-GHz map is the bridge of emission connecting B to C. This emission has a very steep spectrum, and is not present on the 5-GHz map.
The map of VLA observations made at 15 GHz (Aarray), from data taken in 1991 August, is shown in Fig. 1 
( c).
At this frequency and resolution Al and A2 appear as a single elongated component. The peaks of B1 and B2 are clearly distinguished. The map of observations made with the VLA operating at 22 GHz (A-array) is shown in Fig.  l(d) . On the 22-GHz map, B2 is no longer detected and A is very weak. Table 2 summarizes the parameters derived from these VLA and MERLIN maps. The integrated fluxes were determined using the tasks IMEAN or JMFIT/IMFIT as appropriate. The peak fluxes were determined using the tasks JMFIT/ IMFIT or MAXFIT. Global VLBI observations were made of 1938 + 666 at 1.7 GHz in 1992 June. The resulting map is shown in Fig.  2 (a), and the parameters are given in Table 3 (the peak fluxes were determined using MAXFIT). It was made using only the intracontinental baselines as there were too few detections of correlated flux density on transatlantic baselines to be useful. This very high resolution map (15 mas) reveals that there is substructure in region C, although it is unresolved across its width. Further evidence for substructure in C is also seen in the MERLIN 23-GHz map (made from data taken in 1994 March) shown in Fig. 2(b) . To obtain the spectral indices of the components present on the 5-GHz map, we used the technique of model fitting to determine the fluxes of the components in the lower-resolution data, using a model for the high-resolution data as a starting point. The best model representing the positions, sizes and integrated fluxes of the main features in the 5-GHz map was obtained using the task MODELFIT (which fits visibility data with elliptical Gaussian components using a X 2 fitting technique) in the Caltech DIFMAP package in conjunction with tasks from the NRAO AlPS package. Details of this model are shown in Table 4 . Region C was fitted using four components. CIa and C1b account for feature C1 and similarly C2a and C2b account for feature C2 (see Fig. 1 ). This subdivision was necessary to obtain the total fluxes, because C1 and C2 are poorly described by single Gaussians (as demonstrated by the MERLIN 5-GHz, MERLIN 23-GHz and VLBI maps). However, the fluxes of the subcomponents of C1 and C2 obtained through model fitting should not be treated as independent, since the resolution is not high enough to warrant this.
The best model shown in Table 4 was used to fix the positions and sizes of components when applying MODELFIT to the 1.612-GHz and 15-GHz data. The reduced X2 values for the fits are of the order of 1.
The integrated fluxes in the components at each of 1.612, 5 and 15 GHz give the spectral indices shown in Table 5 and C2 steepen but remain equal. The spectral index of Al between 5 and 15 GHz is similar to that of Bl and the same as Cl and C2, within the errors.
POLARIZATION PROPERTIES
The polarization vectors of lensed images are unaffected by the gravitational field of a lens (Dyer & Shaver 1992 Table 6 . First, we consider the polarization properties of region C. may be explained by differential Faraday rotation within the telescope beam, an interpretation which is supported by the marked position angle swing across the component C in the MERLIN 1.6-GHz map (Fig. 3) .
If C1 and C2 are the lensed images of the same component, then their polarization position angles should also be the same, when corrected for Faraday rotation. In Fig. 4 , the PAs (4)) of C1 and C2 are plotted against A2. A least-squares fit through the data points for C1 and C2 was performed; the results for the rotation measures and intrinsic PAs of C1 and C2 are displayed in Table 7 . For the intrinsic PA. the error is a few degrees and the corresponding error in the determined RM (rotation measure) is a few rad m-2 • C1 and C2 have the same intrinsic position angles, supporting the assertion that they originate from the lensing of the same component.
The magnitude of the rotation measures of C1 and C2 is large compared to typical high-latitude Galactic values, suggesting that the source is seen through a large column density of magneto-ionic medium, either intrinsic to the lensed source or arising as the radio emission propagates through the ISM of the lensing galaxy. That at least some rotation is occurring in the lens is indicated by the different rotation measures of C1 and C2. However, the unlensed 1938 + 666 is a relatively compact source and such sources often have high rotation measures (Akujor & Garrington 1995) -so we cannot rule out an intrinsic component to the rotation measure. The comparatively modest difference in the rotation measures of C1 and C2 themselves corresponds to a modest gradient in the magneto-ionic medium density, and is not enough to suggest that the lens is a spiral galaxy. The rotation measure and the intrinsic polarization P A for B1 can be obtained in a similar manner to those for C1 and C2; the PAs at different frequencies are shown in Fig. 5 and the results given in Table 4 . The intrinsic P A of B 1 is the same (to within the errors) as that of C. Since B1 is also highly polarized like region C, and moreover B1 and C have similar spectral indices, it seems very likely that we are seeing images of the same region of the source. However, since the percentage polarizations are not identical, there must be differential magnification altering the relative prominence of the subcomponents within each image. For example, a less polarized subcomponent could be less prominent in C than it is in Bl.
Unfortunately the polarization information on Al is sparse. It is just detected at 5 GHz and has a percentage polarization of 8 ± 2 per cent, similar to that of Bl. There is no detection of polarization at other frequencies. Given the poorer signal-to-noise ratio, however, this is still consistent with Al having the same polarization properties as Bl. Nothing can be said about its intrinsic polarization P A.
A SUMMARY OF THE RESULTS
(1) In region C, the two main components, Cl and C2, have very similar spectral indices, percentage polarizations and intrinsic polarization angles, confirming the interpretation that they are images of the same part of the source. The high-resolution 23-GHz MERLIN map and the 1.7-GHz VLBI map show two subcomponents in Cl and indicate that C2 may also be composed of two subcomponents. Towards the ends of region C, there is some very steep-spectrum, probably low-polarization emission.
(2) Region B has a compact component, Bl, that shares many of the properties of C. It has essentially the same intrinsic polarization position angle as C, has a similar spectral index and is moderately polarized at 5 and 15 GHz, though not as highly as C. This evidence points to B1 also being an image of the same region of the source as C, with differential magnification explaining its lower percentage polarization. B2 is a moderately compact component with a spectral index of unity. In this region, there is also some very steep-spectrum emission, B3.
(3) In region A there are two fairly compact components, Al and A2. On the 5-GHz map, Al is moderately polarized, similar in percentage to B1. A2 has a spectral index of unity, like B2.
A LENSING MODEL FOR 1938 + 666
We now present a basic lens model for 1938 + 666, obtained using the AlPS task GLENS (the source code was written by Glen Langston). The main features can be reproduced by modelling the lens as an isothermal potential with a small elliptical perturbation (E = 0.1) (Blandford & Kochanek 1987) . Schematic representations of the source and image planes are shown in Fig. 6 . The corresponding circular Einstein ring radius is 0.5 arcsec.
Our observations are broadly consistent with the Narasimha and Patnaik picture, but we require a third source component in our model. We affirm the need for a compact (but quite steep-spectrum) component in the 3-image region of the source plane to reproduce the features referred to here as A2 and B2 in the image plane. Also a second, flatter-spectrum compact component must be present within the 5-image region to account for the other features (AI, B1, C1, C2). However, some additional extended steeper-spectrum emission is required to give rise to B3 and the emission at the ends of C.
It is interesting to note that what emerges as a picture for the unlensed object is not one that fits easily into the normal classification scheme for extragalactic radio sources. The asymmetry in spectral indices suggests a core-jet structure, but at 15 per cent polarization this would make 1938 + 666 the source with the highest polarized core amongst some 2000 JV AS sources. On the other hand, the asymmetry seems inconsistent with it being a normal double source. It is clearly worth making extensive radio observations of this system.
CONCLUSIONS
The spectral index and polarization information obtained from our high-resolution VLA, MERLIN and VLBI images of 1938 + 666, has strengthened our conclusion that this is a gravitationally lensed system. Our observations support a model in which the intrinsic source consists of two main components, one lying in the 3-image region and the other in the 5-image region. However, there must be substructure within at least one of these components. Breaking down each region into sub-components to produce a more refined model will require further observations.
